The coefficients of groundwater replenishment from surficial sources are the most critical parameters in assessing the exploitable yield of an aquifer. So far, the methods used for estimating these coefficients failed to yield plausible results, either because of crude models of the system or because of a simultaneous estimation of many parameters requiring long and diverse data records. This paper proposes a method for obtaining the in situ chronological sequence of the coefficients of replenishment at a given site, independently from the estimates of other parameters. It is based on the profiles of water content and concentrations of tritium and chloride in a single borehole penetrating the unsaturated zone. A combination of these data with the historical record of their inputs at the surface of the ground enables dating of the moisture content in each depth interval. This yields a series of seasonal replenishment coefficients from both natural and anthropogenic sources. The application of the method is illustrated at two sites in the central and southern parts of Israel.
INTRODUCTION
Forecast of the piezometric head in groundwater is made by utilizing groundwater flow models that are either analytic or numerical. The application of any of such models to an actual field problem requires an estimation of the model parameters, a task referred to as calibration of the model. Obviously, an estimation of the error of prediction also requires an assessment of the estimation error of the individual parameters.
Two types of parameter estimation methods are commonly used: local methods and regional methods. A review of some of these methods is given by Bear [1979] .
The local methods are usually based on the analysis of data from a single groundwater well. They include pump tests, slug tests, and hydrograph analysis. The interpretation of the data is usually based on an ideal model of the system, such as homogeneity and isotropy of the aquifer, homogeneous groundwater, instantaneous response, etc. Moreover, the test results often represent characteristics of the well and of its immediate vicinity rather than those of the aquifer [Dax, 1987] .
The regional methods deal with solving the groundwater flow equation in a region with respect to the unknown parameters (often referred to as solution of the inverse problem) on the basis of a historical record of data pertinent to all components of the groundwater balance in the region (e.g., precipitation, water consumption in the area overlying the aquifer, water levels in wells, pumpage, and artificial recharge). The techniques of solution are either indirect (e.g., via simulation combined with adjustment of the parameters by trial and error) or direct optimization, employing various objective functions [Bachmat et al., 1980 [Neuman, 1973] . On the other hand, constrained optimization (i.e., optimization with prior imposed constraints on parameter estimates) often leads to estimates coinciding with the constraints and thus render the data record useless [Bachmat and Dax, 1979] .
Another drawback of the regional calibration methods of multicell aquifers is the need to solve simultaneously a large system of equations for many parameters. Calibration of such a model requires a sufficiently long record of data pertinent to all components of the groundwater balance, which is often difficult to find. In this way an error because of uncertainty in one category of data can affect errors in parameters pertinent to other data categories.
The most critical parameters in assessing the exploitable groundwater yield of an aquifer are the coefficients of replenishment from surficial sources, both natural and anthropogenic. As indicated above, regional calibration methods usually fail to provide estimates of these parameters which are both hydrologically plausible and have a sufficiently small estimation error. As to the local methods listed above, only one of them, namely hydrograph analysis, provides estimates of replenishment coefficients and this only in combination with other parameters. The ratio of chloride content in well water and in rainwater, which is sometimes used as an estimate of the coefficient of natural replenishment, is based on idealized conditions which rarely prevail in nature.
Viswanthan [1984] evaluates three methods for estimating natural recharge rates of unconfined aquifers: experimental (e.g., by lysimeters), mass balance methods and time series models. According to Viswanthan, the experimental methods are expensive, time consuming, and restrictive because of distortion of the natural conditions. The mass balance methods which are based on solving the differential groundwater flow equations require some knowledge of other parameters. Finally, time series analysis, which estimates the recharge from the relationship between a given record of rainfall and a series of groundwater level readings in a borehole, is based on an oversimplified model of a groundwater balance and still requires some knowledge of the storativity. The objective of this paper is to propose a method for obtaining the statistical distribution of the coefficients of replenishment, independently from estimates of other parameters, on the basis of data derived from a single well penetrating the unsaturated zone, in conjunction with a record of inputs applied at the surface. 
is an unbiased estimator of Ea? ). Tables 1, 2 , and 3. These data were used to obtain BLUE estimates of replenishment coefficients from rainfall (in winter) and from irrigation (in summer), employing single linear regression with the predictors (5) and (6), using both tritium and chloride as tracers. The results are summarized in Table 4. Table 4 also holds the sample average of a and its standard deviation.
DISCUSSION
A predictor of replenishment with no constant is preferable to that with a constant. Indeed, as shown in Table 4 , the predictor with no constant has in all cases a correlation coefficient close to 1, while the predictor with a constant is less than 0.5. Also, the estimated constant is always positive and has no physical meaning. In the absence of water application there can be no replenishment (i.e., 0). On the other hand, if there was a threshold value of application which does not contribute to replenishment, then should be negative. It is also worth noting that the sample average value of is slightly higher than the BLUE estimator, owing to the different weighting coefficients (the BLUE estimates assign a higher weight to higher applications). Accordingly, the BLUE estimates reflect the fact that the higher the level of application, the smaller the error in estimating the coefficient of replenishment.
A remarkable phenomenon is the difference between the coefficient of replenishment in the winter season versus that in summer. At the WT-2 site the coefficient of replenishment in winter is lower than that in summer, whereas at Omer it is quite the contrary. It can be explained by the differences in climate and agrotechnical methods.
The evaluation of replenishment coefficients at the site of the WT-2 well, using tritium as a tracer, is based on data from the sand portion of the sediment column only (Table 4) . Due to the relatively poor distinction between seasonal peaks in the clay-loamy part of the sediment column it was impossible to evaluate replenishment coefficients on a seasonal basis in that part.
The estimated values of a, based on chloride as a tracer, differ from those based on tritium. This can be explained by the fact that chloride ions move faster than water molecules , which produces an error in the dating. The error may cause either an overestimate of a (as in our case) or an underestimate, depending on the chronological sequence of the application rates.
The values of the computed coefficient of replenishment in the clay-loamy part of the sediment column of WT-2 well, based on the chloride profile (Table 2) i.e., the C1-excluded portion of the profile water in the clay-loamy part is a half of th• total water. A similar result was obtained by Gvirtzman et al. [1986] . Finally, it is worthwhile noting that the method proposed in this paper is restricted to fields receiving at least two isotopically distinct sources of recharge water. Also, a record of irrigation amounts during the relevant number of years is necessary for applying this method.
